SYNOPSIS Four methods of determining the concentration of mercury in human urine have been studied. A simple method suitable for general laboratory use is recommended and the requirements for accurate results are defined. The method employs mild oxidation with permanganate and HS204 followed by dithizone extraction and measurement of absorbance at 485 nm and 620 nm.
SYNOPSIS Four methods of determining the concentration of mercury in human urine have been studied. A simple method suitable for general laboratory use is recommended and the requirements for accurate results are defined. The method employs mild oxidation with permanganate and HS204 followed by dithizone extraction and measurement of absorbance at 485 nm and 620 nm.
No mercury was detected in any of 74 urines from unexposed laboratory controls and hospital patients. A random urine sample seems adequate for the investigation of clinical or industrial mercury poisoning. Two individuals, free of symptoms, but subjected to moderate exposure, excretecf 3 0-9*7 ug of mercury per 100 ml of urine.
After the administration of an organic mercurial to two volunteers, urinary excretion was rapid and virtually complete within 48 hours.
The symptoms of mercury poisoning are vague and non-specific, and the clinical signs few (Buckell, Hunter, Milton, and Perry, 1946; Warkany and Hubbard, 1951) . Considerable responsibility thus rests upon the laboratory, since the measurement of mercury in the urine offers virtually the only objective method of substantiating the diagnosis.
The techniques proposed for the measurement of mercury in biological materials include electrodeposition (Stock and Zimmerman, 1928) , distillation (Kozelka, 1947) , vapour detection (Monkman, Maffet, and Doherty, 1956) , atomic absorption spectrophotometry (Lindstrom, 1959; Willis, 1962) , and radio-activation analysis (Rodger and Smith, 1967) . For the analysis of urine, oxidation of organic matter followed by dithizone extraction has been most popular, and earlier work in this field is described by Maren (1943) , Gray (1952) , Polley and Miller (1955) , Rolfe, Russell, and1Wilkinson (1955) , and Nobel and Nobel (1958) . The published figures for 24-hour urinary excretion of mercury in the normal subject show discrepancies, viz, 5-90 ,tg (Buckell et al, 1946) , less than 1 jig (Monier-Williams, Received for publication 1 January 1969.
1949), 0-50 Hug (Warkany and Hubbard, 1951) , less than 5 ,ug (Tompsett and Smith, 1959) , less than 30 ,tg (Nobel and Leifheit, 1961) , and less than 20 ,tg (Berman, 1967) .
The object of this study was to establish the method most suitable for general laboratory use and to define the requirements for accurate analytical results. We have confined ourselves to four variants of the dithizone technique since the apparatus required is inexpensive and the analysis is rapid.
Materials and Methods
The bottles used for urine collections and analytical glassware were soaked in 50% (v/v) (1955) , Miller and Swanberg (1957 ), Nobel and Nobel (1958 ), and Nobel and Leifheit (1961 . Other dithizone preparations used in preliminary work not included in this report required purification as described by Milton and Hoskins (1947 LEIFHEIT, 1961) Urine is treated with sulphuric acid, copper sulphate, and hydrazine, followed by sodium hydroxide, sulphuric acid, capryl alcohol, and potassium permanganate; the latter is then decolorized by adding hydroxylamine. The solution is then washed with chloroform, and extractive titration with dithizone is carried out. This involves the addition of 0-5 ml portions of dithizone in chloroform to the solution followed by shaking, and separation of the organic phase.
Titration is complete when the blue-green colour of a portion of the dithizone does not change when added to the solution, shaken, and allowed to separate. The volume of the dithizone solution required to achieve this is a measure of the mercury present. METHOD D (WALL AND RHODES, 1966) Since this method was finally adopted, it is described in detail incorporating modifications recommended by the present authors. Technique To a 250 ml Erlenmeyer flask add successively 50 ml urine, 3 g KMnO4 (rough balance), and 10 ml of 50 % H2SO4. Stand for five to 10 minutes to allow frothing to settle, cover the flask with a watch glass, and simmer on a hot plate set to give a temperature of the flask contents of 50°C + 20C.
After 30 minutes carefully add hydroxylamine, 0 5 ml at a time, until decolorization is complete. When all solid matter is completely dissolved, add a further 0 5 ml hydroxylamine. After cooling, add 10 ml dithizone, stopper the flask, and shake vigorously for 30 seconds. Transfer to a separating funnel and run off the organic layer quantitatively to a centrifuge tube.
Unless the green colour of the dithizone is unaltered, add a further 10 ml to the aqueous phase, shake, and separate as before, repeating the process if necessary. One extraction should suffice where the mercury content of the flask is 5 jtg or less, and three extractions for a content of 15 to 20 ,tg. For very high levels, the total volume after the addition of hydroxylamine may be measured and extraction with dithizone carried out on a small portion. Varley (1963) , the range of values obtained for daily mercury excretion in the urine of 13 unexposed laboratory personnel was 100-650 ,ug. The spectrum of the pure mercury standard bore little relationship to that of the urine extract ( Fig. 1 presents a This was the most rapid of the four methods and, with the modifications made, proved to be both accurate and precise. The following alterations did not affect the results obtained from urines to which a known amount of mercury was added: varying the amount of KMnO4 from 3 to 6 g, the volume of H2SO4 from 10 to 20 ml, the time of oxidation from 30 to 60 minutes, and the volume of hydroxylamine added after complete solubilization of the permanganate from 0-5 to 3-0 ml. Carrying out the oxidation stage at 100°C using a reflux condenser gave results identical with those obtained at 50°C in one set of experiments; in another set, the results at 100°C were lower by a mean of 12%, possibly due to volatilization of the mercury. The increase in absorbance at 485 nm bore a linear relationship to mercury added when read on single extracts (Fig. 2, line A) or on pooled extracts (Fig. 2, line D original colour is no longer altered, and the organic material does not exceed the oxidative capacity of the KMnO4 and H2SO4. In connexion with this last point, the addition of 0.2 to 1 0 ml of human plasma (6-9 g protein/100 ml) to urines containing mercury was without effect.
The absorption curves in Fig. 3 describe the changes occurring during formation of mercury dithizonate. The peak at 620 nm shown by dithizone is reduced by mercury with the simultaneous formation of a peak at 485 nm. The spectrum of the reagent blank was identical with that of dithizone, and the spectrum of mercury dithizonate formed from aqueous standard was identical with that formed in the presence of urine, except for the qualifications to be described. The recovery of mercury standard from 20 urines averaged 98-8 % with a SD of +29%. When organic mercurial compounds were added to urines over the range 5-20 ,tg mercury per flask, the increase in E485 was proportional to the amount added, and the recovery was satisfactory. These compounds were mercury orange in dichloroethane; mercury dibenzyl in acetone; mercury chloranilate in acetone; mercury diphenyl in ethanol; and p-chloromercuribenzoate in dilute NaOH.
The reduction in absorbance at 620 nm was proportional to the amount of mercury present (Fig. 2, (Fig. 2, line C) (Barrett, 1956) . Addition of excess KMnO4 and H2SO4 in the first stage did not prevent dithizone oxidation; nor did substitution of the wet oxidation techniques of methods A-C. On the other hand the addition of one tablet of aspirin, codeine, paracetamol, and ampicillin to 50 ml normal urine decreased the absorbance of the dithizone extract at 620 nm without decreasing it at 485 nm. Such drugs were among the commonest taken by patients producing urines capable of oxidizing dithizone.
STUDIES ON HUMAN SUBJECTS
Twenty-four healthy laboratory staff, including those whose urines had previously been analysed by method A, had no detectable mercury in 50 ml of urine when analysed by method D. The limit of detection was regarded as 0-5 ,ug mercury, corresponding to an absorbance difference between test and blank of +0 015 at 485 nm and -0-015 at 620 nm. None of these urines caused oxidation of dithizone and each was part of a 24-hour collection. Future tests were carried out on an overnight sample, positive results being followed by analysis of a 24-hour specimen.
Urines of 50 inpatients not suspected of exposure to mercury gave negative results. In eight, the first sample caused oxidation of dithizone. Eighteen samples from patients in whom the question of mercury toxicity arose were analysed. One positive result was obtained. This was in an industrial worker aware of a ventilation fault in a room where he carried out processes involving use of a mercury still. He was completely symptom-free but desired a check-up. At two, four, five, and six days after termination of exposure, his daily excretion was 149, 64, 45, and 54 ,tg mercury. None of the remaining patients examined (mostly infants) had a history of exposure to mercury, and the analysis was requested towards the end of investigations when more likely possibilities had been excluded.
Urines from 103 industrial workers were examined. Fifteen engaged in work which occasionally involved the use of mercury; the remainder were divided almost equally into those working with metals other than mercury, and those who in the course of their work did not normally come into contact with metals. The laboratory was unaware of the status of the subjects before analysis. Mercury in a concentration of 7 ,Lg/100 ml was found in the urine of one symptomless subject in the group exposed to mercury. No other positive results were obtained, but eight of the urines from those exposed to metals other than mercury caused oxidation of dithizone. It was subsequently discovered that five of the eight had been taking aspirin, codeine, or paracetamol the night before the sample was taken; the other three could not be traced at the time of followup.
One ml of mersalyl BP (39.7 mg mercury) was given by intramuscular injection to two volunteers. Urine from the first volunteer was collected 12-hourly for three days. During this time, 36-2 mg of mercury was excreted in the urine, 989% of this being passed in the first 12-hour sample. By the third day, the total 24-hour excretion was only 32 ,ug. Urine from the second volunteer was collected six hourly for 48 hours. During this time 341 mg of mercury was excreted, 77-9% of this being passed in the first six-hour sample and 14 8% in the second.
The last six-hour sample contained only 9 2 ,ug mercury.
Discussion
The method of Varley (1963) proved to be highly inaccurate and that of Tompsett and Smith (1959) imprecise. Thiosulphate reduces mercury recovery (Campbell and Head, 1955) and its use may contribute to the imprecision of the method of Tompsett and Smith (1959) . We noted the instability of the extract in this method, and and have learned that the sequence of extraction, first reading, reversion, and second reading should be completed without delay on each digest individually (Tompsett, personal communication) . This raises problems in batch analysis. The sensitivity of the method is less than that of the Wall and Rhodes technique when extracts are read individually: 20 ,tg mercury gave an absorbance difference in a 1-cm light path of 0 200 at 620 nm by the method of Tompsett and Smith (1959) and 0 565 at 485 nm by the method of Wall and Rhodes (1966) .
The method of Nobel and Leifheit (1961) is tedious, and extractive titration may give misleading results due to alteration of dithizone by factors other than mercury. The method of Wall and Rhodes (1966) is simple and rapid and employs few reagents, thereby minimizing the risk of contamination and high reagent blanks. Two further problems in the estimation of mercury lie in the volatility of the metal and its compounds, and the necessity of ensuring the correct pH during extraction with dithizone. With regard to the first point, no mercury was lost when the duration of wet oxidation was twice the recommended period, and good recovery of mercury was obtained when inorganic and organic mercurials were added to urine. With regard to the second point, the pH of the solution before the addition of the dithizone always lay within the range -1 to 0-6 as recommended by Irving, Andrew, and Risdon (1949) and it was considered unnecessary to check this routinely. The modifications proposed, apart from more rigorous standardization of the technique, include Measurement of mercury in human urine the addition of anhydrous sodium sulphate as used by Milton and Hoskins (1947) followed by centrifugation to remove traces of moisture from the organic phase; pooling of multiple extracts from positive samples instead of reading them individually, a procedure validated by Campbell and Head (1955) ; reading against CCI4 instead of against dithizone, and at 620 nm as well as at 485 nm. These last modifications were essential in order to guard against changes in dithizone during a working day, although it was always freshly made and held in the dark, and to detect oxidation of dithizone by individual urine samples.
We have been unable to find an explanation for this phenomenon, or to confirm our suspicions that it may be related to drug metabolites, since administration of aspirin, codeine, paracetamol, and barbiturates to healthy controls did not lead to the production of such urines. Since chloride ions have been reported to decrease recovery of mercury (Kozelka, 1947; Campbell and Head, 1955) we substituted hydroxylamine sulphate for hydroxylamine chloride, without improvement; nor could we demonstrate a raised chloride content in such urines. Other wet oxidation techniques gave no better results. Miller and Swanberg (1957) have drawn attention to the similarity in colour between mercury dithizonate and diphenylthiocarbodiazone, the oxidation product of dithizone; they were unable to prevent formation of the latter in certain urines by the addition of a large number of reducing agents. Fats and fatty acids can survive most of the digestion techniques used in the preparation of organic materials for mercury analysis and are able to oxidize dithizone and the related compound di-beta-naphthylthiocarbazone (Cholak and Hubbard, 1946) . It is thus apparent that previous workers have encountered problems due to oxidation of dithizone by urine and other biological materials, and that no solution has yet emerged. It is probable, moreover, that other workers have met the problem without recognizing it. This hazard is especially great with methods utilizing absorbance measurements at 620 nm, since reduction in absorbance due to oxidation could be mistakenly attributed to mercury. This error is unlikely when absorbance at 485 nm is also determined. Fortunately, the problem does not often arise, and satisfactory urines were obtained from these patients after stopping all drugs, although this is not proof that drugs were related to the phenomenon in the first instance.
Our work supports the validity of a random urine sample for the diagnosis of mercury poisoning (Nobel and Leifheit, 1961) ; this was usually the first sample passed on waking. We are also in agreement with previous workers who have been unable to detect mercury in the urine of normal human subjects (Kozelka, 1947; Monier-Williams, 1949; Monkman et al, 1956 ; Tompsett and Smith, 1959) . The recovery of mercury injected in the form of mersalyl from the urine of two subjects exceeded 90 %Y of the administered dose. This provides further validation of the method, since no allowance was made for excretion via the skin, salivary gland and intestine, or possible retention in bone. The finding that half the dose administered appears in the urine within a few hours and most of the remainder within 24 hours agrees with the reports of earlier workers (Burch, Ray, Threefoot, Kelly, and Svedberg, 1950; Grossman, Weston, Lehman, Halperin, Ullmann, and Leiter, 1951) .
